Abstract 27
Sow meat inspection (MI) and mortality data are important sources of information for use in herd 28 health work. This observational study examined whether MI results of sows associate with sow mortality in 29
Finnish sow herds. We also described some MI findings of sows to create basic references in order to 30 encourage their use in herd health work. The project was widely advertised to farmers of sow herds and 31 practicing veterinarians. Ten herds joined the project voluntarily and 36 other herds after they were 32 contacted by the researchers. MI data (carcass weight, lean meat percentage, arthritis, abscesses, liver 33 condemnations, milk spots, organ condemnations, pleuritis, pneumonia, shoulder ulcers, tail biting, whole 34 carcass condemnations, partial carcass condemnations and kg of meat condemned) were made available by 35 the three largest slaughterhouses in Finland, and sow mortality data were obtained from the National 36
Swine Herd Register for 39 of the study herds for the year 2014. The mean herd size of participating herds 37 was 529 females with a standard deviation of ± 479 and mean annual mortality 9.0% ± 5.2%. As much as 38 22.8% of the 7437 slaughtered sows had at least one MI finding. Heavy carcasses were less likely to have at 39 least one MI finding. A median (range) of 1.8 % (0-7.2) and 11.8 % (0-34.6) of the sows were recorded to 40 have a whole and partial carcass condemnation, respectively. The most common MI findings were 41 abscesses (5.7 %, 0-16.3), shoulder ulcers (3.6 %, 0-22.9) and arthritis (2.1 %, 0-13.3). In individual 42 carcasses, abscesses were associated with arthritis, shoulder ulcers and pneumonia, which was indicative 43 that these animals most likely had had a systemic infection. Pneumonia findings were associated with 44 pleuritis. At the herd level, the increase of sow mortality by 1% was associated with an increased 45 percentage of slaughtered females with at least one MI finding 0.8% (P=0.01). If sow mortality increased by 46 1%, the odds ratio for the herd having more than a median percentage of pleuritis was 1.3 (95% confidence 47 interval; 1.011.57, P=0.04) compared to the situation of the herd having less than a median percentage of 48 pleuritis. Also, if sow mortality increased by 1%, the percentage of partial carcass condemnations of 49 females increased by 0.4% (P=0.08). These results suggest that high mortality was associated with an 50 increase of some MI findings. MI results of sows should be used in herd health follow-up of sow health. 176 million kg. Thus, the mean quantity of meat from culled sows is still a noteworthy contribution to the 84 pig meat consumed in Finland. 85
At some stage of production sows inevitably become diseased or less productive and the farmer 86 decides whether to send the animal to slaughter or to euthanize her on-farm. In addition, some sows die 87 unexpectedly. Some farmers may be more likely than the others not to send a diseased sow to slaughter. 88
Others may try to save disposal costs of sow carcasses and therefore also send some unfit animals to 89 slaughter. Some sows die in the herd or are euthanized on the farm, therefore the meat inspection results 90 may underestimate the extent of the sow health and welfare situation on-farm. We have not found studies 91 investigating the association of mortality in the herd and meat inspection results of sows from the same 92
herds. 93
The aim of this study was therefore to examine if MI results of sows were associated with sow 94 mortality in Finnish sow herds. We hypothesized that some farms may have fewer MI findings, because 95 they have higher mortality due to euthanasia in-herd. We also describe some MI findings of sows in order 96 to create basic figures to encourage herd veterinarians and herd owners to use them in preventive herd 97 health work in sow herds. We compare our sow data to those of finishing pigs and discuss them. The results 98 concerning the herd-level risk factors for culling, mortality and meat inspection findings in these same 99 herds are presented in another article (Munsterhjelm et al., submitted) . 100 101
Materials and methods 102
This observational study between mortality and MI is a part of a larger sow longevity project 103 collecting information from Finnish sow herds. The websites of the three largest slaughterhouses in the 104 country recommend the longevity project to their client herd producers. The longevity project was also 105 advertised on the websites of the research group, Finnish Pig Producers and Animal Health ETT and in 106
Facebook of the advisory organization ProAgria. The research personnel also spread the information about 107 the longevity project in farmers' meetings and in farmers' professional journals. Finally, all client farms of 108 the three largest slaughterhouses received an invitation letter to participate in the project. A total of 46 109 herds participated in the sow longevity study. Ten of them informed the research group voluntarily about 110 their willingness to join the project and allowed the researcher to visit the herd for data collection. The rest 111 of the herds in this study consisted of a convenience sample of herds after making telephone contact 112 between the research personnel and the producers. Mortality and slaughterhouse data were collected 113 from these 46 herds for the year 2014. 114
Sow mortality data were collected from the National Swine Herd Register maintained by the Finnish 115
Food Safety Authority Evira. Herd owners report their monthly numbers of animals to this register: the 116 numbers of sows and young breeding animals (hereafter females) present in the herd on the first day of 117 each month and the numbers of females found dead or euthanized (hereafter referred to as dead) in the 118 herd each month. Finnish legislation defines a gilt as a sexually mature female pig from mating until the 119 first farrowing, however, we do not know exactly how the farmers in the study applied the term 'gilt'. The 120 slaughterhouses send a report to the National Swine Herd Register the numbers of females they receive 121 from the herds for slaughter each month. These data were obtained directly from the Register for 44 herds 122 that participate in the longevity study for a 12-month period from January to December 2014. The 12-123 month mean female inventory of the herd was calculated by summing up the number of females on the 124 first day of each month and dividing the sum by 12. The number of dead females were the sum of females 125 reported to have been euthanized or found dead during the whole year 2014. Similarly, the number of 126 slaughtered (culled) animals summed up the females sent to slaughter during the same year. When calculating the financial loss caused by carcass condemnations, the producer price of 0.8474 145 €/kg for sow meat was used. 146
The complete set of data (both Swine Herd Register data and MI findings) for this observational study 147 investigating the association between mortality and MI findings was obtained for 39 herds. 148 149
Statistical analyses 150
Herd level data 151
The unit of interest was a herd. All outcome variables were originally expressed as herd level 152 percentages. First, descriptive statistics were calculated for all outcome variables (abscesses, arthritis, liver 153 condemnations, milk spots, organ condemnations, pleuritis, pneumonia, tail biting, shoulder ulcers and a 154 summary variable "condemnation due to any reason" in addition to lean meat percentage, partial or whole 155 carcass condemnations and kg of condemnations). Because of clear differences in coding practices 156 regarding pleuritis between different slaughterhouses (Hälli et al., 2012) , descriptive statistics for pleuritis 157 were calculated separately for each slaughterhouse. Descriptive statistics were also calculated for "low 158 mortality herds" and "high mortality herds", separately, according to their mean annual mortality 159 percentage. 160
Outcome variables were modelled as continuous variables unless categorizing of the variable was 161 required by the data distributions. The median was used as a cut-off point in categorizing. The variables 162
"carcass with at least one meat inspection finding", abscesses and partial carcass condemnations were 163 modelled as continuous variables and thus, linear regression was used for analysis. For the variable "whole 164 carcass condemnations", the outcome variable was log transformed to correct any obvious 165 heteroscedasticity. The variables of arthritis, liver condemnations, milk spots, organ condemnations, 166 pleuritis, pneumonia, shoulder ulcers and kg of meat condemned were modelled as binary variables and 167 thus, logistic regression was used for analysis. 168
The main explanatory variable used was "mortality", which was modelled as a continuous variable 169 unless categorizing of the variable was needed. In the latter case, the mean was used as the cut-off point. 170
For "at least one meat inspection finding", abscesses, arthritis, pleuritis, pneumonia, liver condemnations, 171 shoulder ulcers, partial and whole carcass condemnations and kg of condemned meat, "mortality" was 172 modelled as the continuous variable. For milk spots the "mortality" was modelled as a binary variable. 173
Other explanatory variables were "herd size" (only adult female pigs), "carcass weight", "lean meat 174 percentage", "slaughterhouse" and "gilts" (=proportion of gilts out of female pigs). Crude associations (only 175 one explanatory variable in the model at a time) between outcome and explanatory variables were 176 evaluated using liberal p-value of 0.2 as a "drop-out/keep-in" criterion. 177
Finally, multivariable models (either linear or logistic regression, depending on the outcome variable) 178
were built for the outcomes (meat inspection findings) abscesses, arthritis, liver condemnations, milk spots, 179 organ condemnations, pleuritis, pneumonia, shoulder ulcers, whole or partial carcass condemnations and 180 kg of condemned meat. The corresponding random effects models including herd as a random factor were 181 built, but no difference was observed compared to models without the random effect. Thus, random 182 effects models were not used. Individual level data were used in testing two outcome variables, "abscesses" and "pneumonia". The 194 unit of interest for these analyses was an individual female pig. First, descriptive statistics were calculated 195 for all variables. We used categorical variables "slaughterhouse", "arthritis", "shoulder ulcers", "pleuritis" 196 and "pneumonia" as explanatory variables for the outcome variable "abscesses" (yes/no). Correlations 197 between explanatory variables were evaluated using the "correlate" function in STATA. Despite multiple 198 comparisons no Bonferroni corrections were used, because of the preliminary type of analysis. Moreover, 199 no strong correlations were detected. Unconditional associations between the outcome and explanatory 200 variables were evaluated using the liberal p-value of 0.2 as a drop-out/keep-in criterion. Finally, a 201 multivariable random effects model was built for the outcome with explanatory variables "arthritis", 202 "shoulder ulcers", "pleuritis" and "pneumonia" with the herd as a group-level variable. 203
The second outcome variable tested was the categorical variable "pneumonia" (yes/no) and the 204 explanatory variables used were categorical variables "pleuritis" and "slaughterhouse". A logistic model 205 was built that contained both the abovementioned variables. The corresponding random effects model, 206 which included herd as a random factor was built, but no difference was observed compared to the model 207 without the random effect. Thus, the random effects model was not used. Similar model diagnostics as for 208 herd level data were performed. 209
All statistical data analyses were performed using Stata 14.0 (StataCorp LP, Texas, USA). 210 was a mean of 9.0% (±5.2%) and a median of 7.8% (range 018.2 %). A total of 9 742 (44.1%) animals were 220 removed from the herds, i.e. they were found dead, euthanized or sent for slaughter. 221
We were able to obtain MI findings for 7 437 females, which was 98.8% of all females sent to 222 slaughter during the study period. Their mean carcass weight was 188.8 kg ± 12.9 kg and the median lean 223 meat percentage was 60.0% (range 48.863.4 %). The slaughterhouse records of the sows in the study 224 herds are presented in Table 1 together with the MI results of all the finishers slaughtered in Finland during 225 the same time period. 226 A total of 38 038 kg of carcass condemnations were recorded during the study, which was a mean of 227 975 kg ± 1350 kg per herd (median 513 kg and range 05366 kg). When calculated for each herd, a mean of 228 4.4 kg ± 3.9 kg per slaughtered female was condemned (median 3.2 kg and range 016.1 kg), corresponding 229 to a mean of 826.5 € per herd and 3.7 € per slaughtered female. 230
Descriptive results and crude analysis of the MI findings divided by the classification of the herds 231 according to their mortality (higher or lower than the mean of the study herds) are presented in Table 2 . 232 On the individual animal level, the MI finding "abscess" was associated with some of the other MI 248 findings, namely: arthritis, shoulder ulcer and pneumonia (Table 3 ). The intra class correlation (ICC) of the 249 final model was 0.042, which indicated that most of the variance was within the herds. Similarly, sows that 250 had pneumonia recordings in MI were more likely to have pleuritis (Table 4) . 251 252
Discussion 253
Sow mortality of herds involved in the study was associated with MI findings. All MI recordings were 254 more common in high mortality herds compared with those in low mortality herds, but the difference was 255 statistically significant after modelling for only two MI findings, namely: pleuritis and carcasses with at least 256 one MI finding. Partial carcass condemnations showed a tendency (P=0.08) to be significant. 257
The 9% annual mortality corresponds well with the mortality rates reported by other studies ( figures were 45% and 16% (Balogh et al., 2015) . In addition, we were able to obtain data only from 264 volunteer herds, not from randomly selected herds, and this may have led to selection of better managed 265 herds. Our study herds were also noticeably larger than the mean sow herd size for Finland, which was 128 266 sows per herd for 2014. Therefore, these results cannot be generalized to the whole sow population in 267
Finland. 268
In contrast to our hypothesis, high mortality was not associated with a low percentage of MI findings. 269
In the crude analyses, high mortality herds had a higher percentage of most MI recordings. According to 270 multivariable model analyses, there was an association between mortality and the MI recordings "at least 271 for one MI finding", "pleuritis" and a tendency towards an association for "partial carcass condemnation". 272
These results suggest that there may be some health or management problems in our study herds. condemnations and trimmings for the producers was 1.10 € per study pig. This emphasizes the fact that 280 carcass condemnations are not only related to sow welfare, but also affects the producer farm's economics. 281
The MI data showed that findings in sows seem to differ from the results obtained from finishing 282 pigs. When observing only the crude figures (Table 1) without statistical testing, we can see that in our data 283 obtained for finishing pigs that pneumonia, pleuritis, milk spots, arthritis and tail biting are more common 284 than in sows, whereas in sows whole and partial carcass condemnations and abscesses seem to be the 285 predominant findings. The MI findings of these different age categories seem to reflect what is often seen 286 at the farm level. Respiratory infections are common problems in finishing pigs and these are also evident 287 in MI results reported elsewhere (Merialdi et al., 2012) . Our results show that in addition to finishing pig 288 herds some sow herds can also have high pleuritis or pneumonia recordings in MI. 289
Milk spots in the liver are associated with migrating Ascaris suum larvae (Roepstorff et al., 2011) . 290
Their lower occurrence in sows than in finishing pigs is understandable, because most of these adult 291 animals were likely to have developed immunity against the parasite. Unfortunately, we did not have 292 information about the age of the slaughtered females and in some herds they may have also included a 293 high percentage of gilts. 294
Tail-biting is a common behavioral disorder in growing pigs (Valros and Heinonen, 2015) , but to our 295 knowledge no papers have been published about its occurrence in sows. One reason for this might be the 296 fact that group housing has not been practiced widely and it has become mandatory for pregnant sows in 297 EU since 2013 . However, according to the long experience in 298 managing group-housed sows in some countries, we conclude that generally tail-biting damage is not a 299 problem in adult sows. Our results show that some females also have tail biting damage, but its aetiology 300 remains unclear. Tail-biting has been found in gilt rearing (Ursinus et al., 2014) and it is also possible that 301 those few females recorded to have tail damage in our study may have been gilts. 302
According to our data almost 1/5 of animals had at least one MI finding. Such a high figure has not 303 usually been reported in articles, because only herd level data concerning separate MI findings are 304 available. We also found that heavier carcasses had fewer partial carcass condemnations than lighter 305 carcasses. Heavy carcasses are more likely to be from older sows and it is difficult to speculate, why older 306 sows / heavy carcasses would have fewer condemnations than younger sows / lighter carcasses. Individual 307 carcasses with an abscess were clearly more likely to also have other infections, such as arthritis, shoulder 308 ulcers or pneumonia. It is possible that these individuals had had a systemic infection spreading in the body 309 of the animal. Moreover, carcasses with pneumonia were also likely to have pleuritis, which shows that 310 these conditions occurred simultaneously in the study sows. This kind of individual, detailed information 311 would be very valuable in herd health follow-up not only for sow herds but also for herds growing finishing 312
pigs. 313
Some of the present sow MI findings can be compared with those reported in the few previous 314 studies including MI lesion (17.0% vs. 18.5% in our study), milk spots (1.5% vs 0.0% in our study), shoulder ulcer (1.1% vs 3.6% in 319 our study), arthritis (1.9% vs. 2.1% in our study), tail biting (0.4% vs. 1.4% in our study), pleuritis (1.4% vs. 320
1.7% in our study) and pneumonia (0.6% vs. 1.0% in our study). When comparing the MI findings of sows to 321 those of finishers, Flesja et al. (1979) also concluded that abscesses were more frequent in sows, but that 322 lower frequencies for all the other commonly observed lesions were seen in sows than in finishing pigs. Sow mortality in medium to large size sow herds was found to be associated with some of the meat 364 inspection findings in slaughterhouses, specifically: the percentage of females with at least one meat 365 inspection finding and pleuritis. There was also a tendency for an association between mortality and partial 366 carcass condemnation. In contrast to our hypothesis, high mortality was associated with high percentage of 367 MI findings. This study also provided basic MI data that can be used in sow herd health veterinary and 368 follow-up work. In general, sows seemed to have a high preponderance of MI findings. Heavier sow 369 carcasses were less likely to have at least one MI finding. In individual carcasses, abscesses were associated 370 with arthritis, shoulder ulcers and pneumonia. Similarly, pneumonia was associated with pleuritis. 371 372
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